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REPRODUCED BY HEATH COMPANY 



ANTENNA RESONANCE AND RESISTANCE 

It may ae«m strange lo consider finding anlenna resonance by any other means than the grid dip 
method when a grid dip is already on hand to use with the Antenna Impedance Meter. However, 
there are cases where a reading by the grid dip method is difficult to obtain, especially when 
the antenna is of low Q, or when the element diameter is large. In other situations II may be 
physically impractical to reach the point at the antenna required for accurate measurement. It 
is also often Impossible to obtain sufficient coupling to a long wire or low frequency antenna, 
even if It were accessible for measurement. The AM >1 may be employed directly at the antenna 
or at a convenient point removed from the antenna. Resistance a^ resonance measurements 
may be made in one operation because the anlenna impedance is resistive at resonance. Oc- 
casional reference to the standard antenna formula will materially aid in correlating readings. 
From the following data it will become apparent that the AM -1 may be used in several different 
ways, either separately or in other combinations to achieve the same paramount end result of 
getting the anlenna tuned up and the transmission line matched for optimum results. The pro* 
cedure to follow is a matter of convenience and depends upon the problems in each individual 
case. 

HALF WAVE DIPOLE 

If the center of the antenna is within reach when it is in its normal position, the AM-1 may he 
connected directly at the center, as shown in Figure 6. The center oi the antenna must be open 
in order to connect It to the instrument. The leads at this point should be absolutely no longer 
than Is necessary to make the connection. The binding post can be screwed down tight on the 
connecting leads and will be sufficient to hold the instrument. In any event, do not support the 
Instrument by holding (he case by hand because this will produce serious unbalance. The fre- 
quency range to employ at the generator may be ascertained by first ipproxlmating the antenna 
frequency according to the standard formula: 




8 492 X .95 
Length in feet 



Set the AM-1 dial near 50 ohms and vary the generator frequency until the best null Is indicated. 
Then rotate the impedance dial until the complete null is realised. The generator frequency may 
have to be slightly readjusted before (he complete null is found. The anlenna resistance wUl 
then be indicated by the dial reading of the AM- 1 and the antenna resonant frequency will be that 
at which the generator is now set. Resistance readings will vary between 10 and 100 ohms being 
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mainly dependent upon exact height above ground and upon nearby clemems or other objects. 
Tests on hall- wave antennas at various heights above ground have indicated close adherence to 
lfie standard curves oi resistance versus height when the measurements were made under sim- 
ilar conditions. Do not expect indoor antennas to behave in the uormaJ manner as iheir char- 
acteristics vary to a surprising extent. At frequencies above 50 me, the readings are apt to be 
effected by the presence of the instrument at the center of the antenna and/or the presence of 
the person making the measurements. Readings will then have to be obtained at a point removed 
from the immediate proximity of the antenna. This will also be necessary wlien an antenna is 
inaccessible for direct readings. It was demonstrated earlier that a hall wave line repeats its 
load as seen from the sending end. Thus a half wave line or any multiple thereof may be con- 
nected to the center of the antenna and the measurements may be made at the l6wer end of the 
line. See Figure 7. These readings will then be a duplicate of those obtainable directly ai the 
antenna, regardless of line impedance as long as the line is an exact electrical half wave of Ihe 
antenna frequency. Now the question may arise as to how the correct hall wave length may be 
determined in view of the fact that the exact antenna resonant frequency is one of the unknowns 
to be measured. Although measurements of existing antennas may be desired, it is recom- 
mended that the antenna system be tuned or adjusted to a prescribed frequency m order to as- 
sure peak performance. This will generally be the eventual .step anyway and it will simplify 
remote readings because the half wave line may be first cut to the specified frequency using the 
antenna impedance meter method, described earUer, following which the antenna may be l rim- 
med loihe correct frequency according lothe readings obtained with the Instrument at the lower 
end of the line. The best procedure for existing antennas Is to calculate the antenna frequency 
approximately by the standard formula and then use this as the basis for ascertaining ihe fre- 
quency for the half wave Une. The alternative method Is to use a line of impedance near that of 
expected value of (he antenna resistance. The mismatch will probably not be too great and the 
error will be slight. If the antenna is within reach and if a grid dip measurement is possible, 
the frequency may be found accordingly. It Is obvious that thus will apply mainly when the re- 
sistance only Is to be read or when (he resonant frequency is to be corUirmed. Several pre- 
cautions must be exercised when making remote measurements. The half wave line should run 
at a right angle away from the antenna for a distance of at least a quarter wave length to mini- 
mize unwanted coupling to the antenna. If open wire or twin lead is utilized, twist the Une about 
one turn every two feet. This will tend to cancel out line unbalances to ground which may effect 
the reading, particularly since the AM-1 Is in itself an unbalanced device. The case of the In- 
strument should always be Insulated from ground and it should be placed so as to minimize ca- 
pacltance between the case and nearby grounded objects. Line unbalance may be checked by 
reversing the connections at the output terminals. Little change, if any, should he noted in the 
readings. With high frequency antennas It is usually best to employ a line several h.ilf waves 
long to reduce the effect of personal body presence. If the AM-1 meter should read above zero 
when the antenna or line is connected to the mstrumenl, and when no generator signal ha.s yet 
been applied, most likely RF energy is being picked up from some nearby broudcasi station or 
other high power source. This has been experienced wilh several cases involving 3.5 me an- 
tennas. Often just reversing the line is sufficient to drop the reading down to zero. If this does 
not rectify the situation, about the only other remedy is to wail for the interference to cease. 
By using headphones in the phone jack, the interfering signal may be idnitlficd. 

FOLDED DIPOLES 

Measurements may be made in the same manner as with the normal dipole. Sec Figure S. The 
AM-1 or the half wave feed Une should be connected to the normally open section at the renter. 

U any frequency check is to be made by the grid dip method, tlie open center must fir.sl be .short- 
ed. Resistance readings of folded dipoles will generally run between 150 and 350 ohms. In 
some cases it may be possible to obtain a second null In the 5iX» ohm region at a slightly dif- 
ferent frequency. This is due to the following. Refer to Figure 9, The overall length A dcier- 
mmes the natural period of the antenna. However, each half of the antenna, sections B and C, 
are lines quarter wave long at a frequency which may differ slightly from the overall frequency 
depending upon the height above ground or upon the presence of other elements. Vr jth open wire 
or tubing this is usually not pronounced and is of Imle consequence but with a folded dijiulemade 
of twin lead, this effect will be quite apparent with a wider frequency difference due to the ve- 
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Ux'Uy ol propD^aUfjn futtor of the twin lead- The frequency of the quarter wave section's belnp 
about H6'( lower Irom that of the overall cultural period. The net result of this sUuaucm narrows 
the frequency versus impedance response and the twin lead folded dipole then no longer embodies 
as broad a characteristic as that uf the open wire type. The correct antenna impedance meter 
reading will l>e the one found ai the higher frequency. The usual suggested method of altering 
this allUition is that of inserting a fixed capacitor in series with each shorted end. The cnpa> 
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Figure n 



cuance is dependent upon frequency, being approximately 7 upf permeter. An alternative meth- 
od which Is more practical is to connect another short across each section at apiiroximately 86'c 
cif the distance from the center as shown in Figure 10. The quarter wave seciiun» will tlien be 
each nearly tuned to the overall natural period of the antenna and ihe impedance characiensiic 
will be broadened. A corrected twin lead folded dipole may be easily and ac ruraiely set up 
through the employment of the AM*1. First cut a len^h of twin lead to an elertnral length of a 
half wave at the desired frequency, using the instrument as described earlier. Then place per- 
manent shorts across each end of the line and at the exact center open one side i^f the line far 
the Iced point. Now add equal lengths of wire at each end of the twin lead so that ilio tot.ll length 
of (he antenna will be slightly longer than calculated by formula. See Figure U. Then using 
the Antenna Impedance Meter, connect it directly or remotely at the center, trim the end wires 
equally until resonance is indicated at the desired frequency. U remote measurements are to 
be made, and if (he half wave line to be used is made of Ihe same type tum lead, ils length will 
naturally be the same as (hat of (he section insialled in the antenna. The properiu's of tins an- 
tenn.i will be approximately the same as those of the ordinary dipole. 



HARMONIC ANTENNAS 



Antennas made up of any multiple lengths of half waves may be measured at the desired operat- 
ing frequency by connecting the AM- 1 eitherdirectly or remotely at any high current jxnni. As 
an example. Figure 12 indicates the correct points when usIih: a three half wave .tntenna. The 
resistance readings will be only for that at the particular point of measurement. Resonance fur 
this antenna when measured at X| wifi be that u( the third harmonic, while readings tnkcn.it the 
center point X will be those of the fundamental or any odd lurmoiuc. Readings of ottier har- 
monics may be made at points determined by the theoretical l<x*ation of curreni Imips. 
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Figure 13 
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QUARTER WAVE VERTICAL AND GROUND- PLANE ANTENNAS 

Cunneci the AM-1 or half wave line at the normal teed poini between the base of the antenna and 
ground or radial as the situation may require. See Figure 13. The resistance reading will be 
approximately 35 ohms. Since the resistance at the feed point of the ground-plane antenna may 
be raised by dropping the radisU to form a larger than 90" angle with the vertical element, the 
AM-lis a handy device for determining the correct angle for the desired resistance in any spec- 
ific case. See Figure 14. The limit obtainable is about 70 ohms at which point the radials will 
be folded all the way down so they too are vertical and the system then resolves into a form of 
coaxial antenna. Resonance of the vertical antenna may be adjusted by varying the length of the 
vertical portion and that of the radials if involved. 

MOBILE ANTENNAS 

Quarter wave mobile antennas may be measured for resonance and resistance in the same man- 
ner as employed with the vertical antennas. See Figure 15. The average antenna of this type 
will have about 45 ohms resistance providing a sufficiently close match for a 50 ohm line. Base 
or center loaded antennas may be likewise checked. Resistance readings will be In the 20 to 35 




ohm regions. Refer to Figure 16. By correctly proportioning the antenna length in the ratios 
of L and C, the system may be adjusted so the feed point will have a resistance value to match 
either a 50 or 70 ohm line. The correct adjustments may be determined according to readiiiga 
found with the AM-1. 



PARASme BEAMS 

Connect the AM- 1 or half wave line at the center of the driven element as with any half wave 
antenna. Resistance readings will usually lie between 10 and 100 ohms, being dependent upon 
the exa^'t spacing and tuning of the other elements. Resonance will also be dependent to some 
extent upon these factors which will make it difficult to calculate exactly the length of the half 
wave If needed for remote measurements. For this situation, the antenna system may be tuned 
up to a prescribed frequency with the line cut accordingly as previously suggested. However, In 
most cases the center of the driven element will be accessible, so the instrument may be} used 
directly. Occasionally one or two slightly different frequencies may be Indicated by the AM-1. 
This is due to reflections from other elements and must be analyzed in each individual case. 
With the beam correctly tuned, only one frequency will be Indicated by a complete null at the 
true resonant frequency. As already stated, partial nulls indicate reactive Impedance which 
will be the incorrect point to consider. It has been found generally good practice to resonate 
the driven element while the reflector Is set at a length about 5% longer than this element and 
the director set about 5% shorter. The beam adjustment may then be left set since only little 
Improvement will usually be gained over this arrangement by retumng the parasitic elements 
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through the customary lengthy process of checking againsi field strength readings. Bui. if fi- 
nite adjustmentl» of the other elements is desired, n is suggested thai lheAM-1 be employed as 
a metms of filially tuning vhe drweo elemeal. The parasitic elements may then be tuned in 
their usual manner wUh occasional checks being made for antenna resonance. This latter step 
may be made with the AM- 1 used as a S. W.B. meter as will be subsequently explained. 

ADJUSTING Q BARS 

Q bars, as quarter wave transformers, often used as a matching device between an antenna and 
a transmission line, may be adjusted by coimecUng the AM-1 at the line end of the bars, with 
the other end being connected to the antenna. The spacing between the bars should then be ad- 
justed to obtain the necessary impedance. They must first be cut to the correct length and the 
antenna must be resonant at (he frequency to be used. 

STANDING WAVE RATIO 

If the meter Indicates a complete null when the AM-1 Is inserted into the transmission line, the 
indicated S. W. R. will be unity or 1:1. Ratios higher than l:l may be determined U the line is 
a multiple of a half wave long at the resonant frequency involved and if the antenna is resonant. 
Just route the AM- 1 dial while slightly adjusting the generafor frequency U required, until the 
null IS found indicating the resistance of the termination. The S. W. R. may then be determined 
by: 



S. W, R. s Z load 
Z line 

The Insirumenl UseU may be calibrated lor various ratios but the readings will be inaccurate 
unless the above conditions prevail. Lines of other lengths will reflect an impedance different 
than lhai found at the termination and this impedance will be reactive pariicularly if the antenna 
15 not resonant. The same difficulty of obtaining an accurate reading of S. W. R. other than 1:1 
may be found with many current types of S. W. R. meters. As with other measurements, the 
ideal procedure istotune up an antenna to a prescribed frequency while roaichlng the line. This 
may be readily done with the AM- 1 connected at the sending end of the line. In order to avoid 
confusing nulls, due to line resonances, ll is suggested that the length of Ihe line be held shorter 
than one wave length. Set the Instrument dial at the line impedance and vary the generator fre- 
quency near that calculated for the antenna, until a null is observed. If this occurs at a point 
other than at the desired frequency, adjust the antenna until resonance U obtained at the correct 
frequency as Indicated by the AM -I null. If the null is incomplete and a variable matching de- 
vice is being used, It should be adjusted until a complete null is realised at ihe resonant fre* 
quency, When a matching system such as the T match is employed, an antenna will often have 
to be resonated wUheach subsequent change In the setllngof theT as the antenna will be affected 
by those changes. 11 no variable matching arrangement is used, and If the line is olherwlse 
correctly terminated at the resonant antenna, the meier will indicate a complete null and the 
S. W. R. will be unity. Stress is again placed on the fact that the unity ratio cannot be obtained 
unless the line is not only terminated by an Impedance equal lo its own impedance, but alsothal 
this impedance must be resistive which In turn is not possible unless the anlenns is resonant at 
the frequency involved. When Ihe complete nuU is realized indicating a 1:1 ratio, the length of 
the transmission line should be altered by 1/8 or 1/4 wave length to verify the reading. If the 
S. W. R. has been correctly adjusted to unity, no change should be noted In the meter null. 

RECEIVER INPUT IMPEDANCE 

Connect I he AM-1 to receiver input terminals and lune receiver to the frequency at which the 
Impedance Is to be determined. Set the generator at the same frequency and rotate the Imped- 
ance dial until Ihe complete null is found. RetrIm generator frequency If necessary. As with 
antennas, the Input circuit must resonate at (he frequency employed In order to read the resis- 
tive component. If the Input circuit Is tightly coupled as it is on many sets, two impedance 
readings at slightly different frequencies will be noted. One reading will be low between 10 and 
20 ohms and the other reading will be anywhere from 50 to 500 ohms. The reason for this is 
that the reactance of the coupling loop between the generator and the input side of the AM-1 re- 
llerls upon the tuned input circuit ol Ihe receiver, ihe very low Impedance reading being evi- 
denced at this point. Although the loop reactance may be tuned out, moderate accuracy may be 
had by relying upon th» higher reading. 
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PHONE MONITOR 

By adding a short length, 6 to 12 Inches, of wire to either the "hot" input or oulpui terminals of 
the AM- 1, and pitting a pair of earphones into the phone jack, the AM-l may he used to mon- 
itor radio telephone transmissions, thus giving the operator an indication of the i^Uty of his 
modulation. 

FIELD STRENGTH METER 

By placing a circuit tuned to the frequency of the transmitter across the output terminals of the 
AM- 1 and adding a suitable length of antenna, the Instrument may be used to a Limited extent as 
a field strength meter. Although it has no built-in ampUiication, the high sensitivity of the AM- 1 
will allow It to be used as a relative field strength meter where the RF field strength is fairly 
high. With approximately a 100 upf variable condenser and a suitable pli^-in socket, the nor- 
mal grid dip meter coils may be used as the parallel tuned circuit for the field stren^h meter. 
A unique cause of TVl has been found lo be rectification and re-radiation from natural objects 
such as furnaces, drain pipe spouting, etc. The AM-1 used as a field strength meter either 
with or without the tuned circuit, may be used to locate radiation from such objects. Ground- 
ing or bonding of the Joints in these objects may then eliminate the source of TVL 

IN CASE OF DIFFICULTY 

Due to the extreme simpUcity of this kit, there Is very little chance of trouble. However, a few 
possible indications of Improper operation and their causes are outlined below. 

INDICATION CAUSE 



Meter reads backwards. 



Low sensitivity. 



1. Meter mounting on panel reversed. 
t. Crystal diode connected backwards in cir- 
cuit. 

1. 200 0 resistor to ground open, 



Meter will not indicate a null 1. 200 0 resistor from potentiometer open, 

when properly operated. 



Meter will not Indicate under 
any conditions. 



1. RF source In-operatJve. 

2. Crystal diode defective. 

3. Phone Jack shorting blade not making con- 
tact. 

4. phone Jack wired incorrectly. 

5. Open 10 KO resistor. 



Portions of this manual have been reprinted with permission from September, 1950 C. Q. 

REPLACEMENTS 

Material supplied with Heathklts has been carefully selected to meet design requirements and 
ordinarily will fulfill its function without difficulty. Occaalonally improper Instrument opera- 
tion can be traced toa faulty component. Should inspection reveal the necessity for replacement, 
write to the Heath Company and supply all of the following Information: 

A. Thoroughly Identify the part in question by using the part number and description found in 
the manual parts list. 

6. Identify the type and model number of kit in which it is used. 

Z, Mention the order number and date of purchase. 

D. Describe the nature of defect or reason for requesting replacement. 

The Heath Company will promptly supply the necessary replacement. Please do not return the 
original component until specifically requested to do so. Do not dismantle the component In 
question as this will void the guarantee. This replacement policy does not cover the free re- 
placement of parts that may have been broken or damaged through carelessness on the part of 
.he kll builder. 
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SERVICE 



In event continued operational dilflculUc* ollhe completed inslrumenlare experienced ihc Heath 
Company is willing to oiler its lull cooperation loassist you In obtaining the specilied ^rlorm- 
ance level in your instrument. The racililles of our Service Department are at your <»' 
and your instrument maybe returned lor inspection and repair lor a service charge ol $3.00, 
plus the price of any additional pans or maieriak that may be required. 



The services ©four Technical Consulialion Deparlmeni arealso avails Wei o you. without charge. 
Our technical coftsulUnls are thoroughly familiar wilhevery instnimenl and can usually localire 
ihe trouble from a suitable descnpiion of ihe difflcuUy encountered. 



li is necessary lhai you provide full and coropleie information concerning your problem when 
wrillng 10 our Technical Consultation Department for assistance, or when IJ' 

sifurnem for Factory Repair Service. For instance, clearly ideniify the kU involved, the 

purchase date and. if possible, Ihe invoice number; describe in detail the dlfficully that you 
have encountered, state whal you have attempted to do to rectify the trouble, what 
Iwen achieved, and include any information or clues that you feel could i»ssibly be of value lo 
Ihe consultant who handles your problem. 



Local Service by Authorized Heathkit Dealers is also available andofien will be j^iur fastest, 
most efficient method of obtaining service lor your Heaihkits. Although jwu may find charges 
for local service somewhat higher than those listed in Heathkit manuals (for factoy service) , 
the amount of increase is usually offset by Ihe transport at ion charges you would pay If you elected 
to return your kit to ihe Heath Company. 

Heathkil dealers wlllhonor Ihe regular 90day Healhkil Pans Warrantyc-n all kils, whelhcr pur- 
rhased ihrough a dealer or direclly Irom Heath Company, li will be necessary that jmu verify 
the purchase date of your kit by presenting your copy of I he Heath Company invoice lo ihe author- 
ized dealer involved. 



Under ihe condlilons specil.ed tn ihe Warranty, replacemeni parts are supplied withoul charge; 
towever, tf your tocal dealer assiais you in locating a defective part tor parts) in your Hcain- 
ktt, or istaUs a replacemeni part for you. he may charge you for this service. 

Hcalhkiis purchased liacally and returned lo Heath Companyfor service tt^i be accompanied by 
your copy of ihe dated sales receipt from your authorized Heathkit dealer in order to be eligible 
lor parts replacement under the terms of the Warranty. 

THESE SERVICE POLICIES APPLY ONLY TO COMPLETED INSTRUMENTS CONSTRUCTED 
IN ACCORDANCE WITH THE INSTRUCTIONS AS STATED IN THE MANUAL, Instruments that 
are not entirely completed or insirumenls that are modified in design will not be accepted for 
repair. Instruments showing evidence of acid core solder or paste fluxes will be returned NOT 

repaired, 

For information regarding modificaltona of HealhkilB for special applicallons, II Is suggested 
that you refer to any one or more of the many publications that are available on all phases of 
electronics. They can be obtained at or throi^hyour local library, as weltas almosi elecironlc 
outlet stores. Although ihe Heath Company sincerely welcomes all comments and suggestions, 
it would be impossible to design, lest, evaluate and assume responsibility for proposed circuit 
chanucs for specific purposes. Therefore, such modifications must be made ai the discretion 
of the kil builder, according lo information whichwill be much more readily available from some 
local source. 
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PARTS UST 



PART PARTS 


DESCRIPTION 


PART 


PARTS 


No. Per Kit 




No. 


Per Kit 


Resistors* 


Condensers* Rectifiers 


Hardware 


1-20 


1 


10 KP resistor 


250*8 


2 


2*83 


2 


200 P resistor 1% 


250*10 


6 


10-34 


1 


600 P potentiometer 


250-16 


1 


21-27 


2 


.005 Mfd ceramic condenser 


252-3 


10 


56-4 


1 


Crystal rectifier 


252*7 


2 








253*10 


2 


Meters -Knobs- Insulators 


254*1 


6 


75*6 


2 


Polystyrene Insulator 


255-2 


2 


75-14 


1 


Polystyrene mounting plate 


259-1 


5 


100-M16B 


2 


Binding post cap, black 


259-6 


2 


100-M16R 


2 


Binding post cap, red 






100-M39 


1 


Dial 


Miscellaneous 


407-24 


1 


100 ^A meter 


261-1 


4 


453-7 


t 


Insulated shaft extension 


340-2 


1 








436-4 


1 


Sheet Metal Parts 




427-2 


4 


90*28 


1 


Cabinet 


595*79 


1 


203*52r65 


1 


Panel 




204-M60 


1 


Bracket front 






204-M61 


1 


Bracket back 







DESCRIPTION 



#6 X 3/6 sheet metal screw 

6-32 X 1/2 screw 

6-92 X 3/16 set screw 

6-32 nut 

Control nut 

Control oJckel washer 

#6 lockwashe^ 

#6 X 3/16 spacer 
16 solder lug 
Solder lug, small 



Rubber feet 
length Bare wire 
Jack 

Binding post base 
Manual 
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